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ABSTRACT 
The turbine test rig requires two separat~ units for recording 
torque and thrust. A set-up using flexures and strain gages is 
best from the standpoint of accuracy , ease of operation, first cost 
and neatness of design . At the outlet end of the rig it was 
found that a tube 1/2" in diameter and with .01011 wall thickness 
gives strain gage readings in a usable range for both the torque 
and the thrust loads that will be used. 
At the inlet end of the turbine test rig a more complex 
unit is required . A tube 211 in diameter with a wall thickness 
of .030" gives a good range of strain gage readings for the 
torque . What is required for thrust is a diaphragm arrangement 
schematically indicated by Fig. 2. The core is 211 in diameter 
and the outside diameter is 4" . Calculations show the required 
thickness of the diaphragm to be .12411 , 
The two components at the inlet end can be welded into a 
single pie ce. The physical set-up of the turbine test rig with 
the two torque-thrust flexure units is shown on drawing P-15 . 
These calculations are not intended asJa basis for deter-
mining constants that convert indicator readings to pounds of 
thrust or foot- pounds of torque " These constants will be 
obtained by ca l ibration tests through the application of known 
forces and moments . 
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1. Symbols 
t::J - Deflec tion inches per inch 
Mt - Torsional moment inch-lbs . 
Sv Shear stress psi 
M - Moment inch-lbs . 
z Section modulus (inch) 3 
E Modulus of elasticity psi 
G - Modulus of elasticity for shear psi 
s Unit stress psi 
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2 . Introduction 
Design work on the turbine test rig to date includes drawing 
P-1~, sheets 1, 2 and 3 and drawing 1015, sheets 1 and 2 . 
Drawing 1015 is a finished working drawing entitled "Air 
Bearing Test" . The air bearing test rig is to be built in order 
to test the air bearing component of the turbine test rig. Basic 
dimensions are half size of equivalent parts of the turbine test 
rig. 
The design of the turbine test rig is an elaboration of an 
8 1/2 by 1111 drawing by Professor Vavra dated 15 December 1962, 
entitled "Turbine Test Rig" and further designated "Dwg . 1211 • 
For the 3 sleeves that comprise, in part, the air bearing 
and the throttle of the test rig, dimensions were selected so that 
these parts can be made from standard sizes of steel tubing. 
Computations were carried out to determine suitable flexures 
to be used for torque and thrust measurements, first at the air 
outlet end and second at the air inlet end. 
The final dimensions were arrived at by trial and error and 
the computations shown below are, in both cases, the last of a 
series leading up to the final solutions . 
Guiding assumptions were, in both cases, that the strain 
gages are not strained over 1500 microinches per inch and that the 
maximum strain is not less than 800 microinches per inch. 
One of the main purposes of this memorandum is to put in form 
all work to date in the design of the turbine test rig to facilitate 
the preparing of final drawings at the time when the turbine test 
rig will be built. It is for this reason that the computations 
are given in detail. 
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3. Computations 
A. Flexure at outlet end 
1. Given: 
Thrust 
10 psi on a 7 . 5 D. disc 
2 
= 10 X (7.5) X , 785 
= 412 lbs 
2. Given: 10 HP at 10,000 RPM 
HP= 6. 28 x Torque x RPM/33,000 
Torque= HP x 33,000/6 . 28 x 33,000 
5.28 ft.-lbs. 
63 inch-lbs. 
3. For. a steel tube to work satisfactorily as a torque and 
thrust flexure it must meet the following requirements: 
a. It must flex enough in torsion to give good readings 
from a strain gage. 
b . It must flex enough in compression for good readings . 
c . Stresses applied must not exceed a safe working stress 
for the material used. 
d . The outside diameter is large enough that strain 
gages can easily be glued to the tube. 
4 . Deflection due to torsion 




) x G) 
6 
6 32 X 63/(3 . 14 X . 0093 X 10.5 X 10) 
= 2016/30700 = . 00656 inches 
= 6560 microinches per inch radius, and 6560 x .250 
= 1640 microinches at the actual radius of .250" 
This is the strain around the circumference . Referring 
to Fig . 1, when point Don the circumference is moved to 
point C because of a torque, the strain gage is increased 
in length from AB (=AD) to AC, or by the amount BC. It 
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Then: 
t:i. (Deflection of the strain gage)= . 707 x 1640 
t:i. = 1160 microinches per inch 
5. Deflection due to compression 
t:i. = Force /(Ex Area) 
Area= 3.14 x D. x wall thickness 
= 3Q14 X . 5 X . 010 = . 0157 
f:i. = 412/(30 X 106 X . 0157) 
= 412/47100 
. 000875" or 875 microinches per inch 
6. Maximum shear stress due to torsion 
Mt= (3 . 14/16) x ((D4-d4)/D) x Sv 
Sv 16 x D x m/(3 . 14 x (n4-d
4
)) 
Sv = 16 X . 5 X 63/(3 . 14 X (.54- . 484)) 
= 504/3. 14 X .0093 
= 17,250 psi 
7 . Maximum compressive stress 
Stress= Force/Area 
= 412/(3, 14 X . 5 X , 010) 
= 412/ . 0157 = 26,200 psi 
8 . The above compressive force may be increased on the 
bottom of the tube because of the weight of the disc . 
Assume an aluminum disc, shown on drawing P-15, sheet 2 . 
We ight of disc: 
= ,09 ((7 . 5 X 3 . 14 X 1 X .250) + (7.5 X .785 X .250)) 
= . 09 (18 . 3) = 1. 65 lbs . 
By inspection of the drawing the maximum moment arm is 
about L 75" . The 1/211 tube can be considered as a 
cantilever beam. 
Stress= M/Z 
Z = (3 . 14/32) x ((D4-d4 )/D) 
Stress= 1. 65 x 1 . 75/(3. 14/32) x . 0093/.5 = 1650 psi 
This would increase the maximum compressive fiber stress . 
The effect of this stress is constant so calibration of 
the unit will take care of this inconsistency. 
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B. Flexure at air entry end 
1 . Given : Thrust= 45 psi over an annulus of 11 O.D. 
and 8. 5 I. D. 
= 45 ((.785) (11
2
- 8 . 5
2
)) 
= 1730 lbs. 
2 . Given : Torque = HP x 33,000/(6. 28 x RPM) 
1200 X 33,000/(6 . 28 X 20,000) 
= 315 ft .- lbs . 
= 3800 inch-lbs. 
Values of thrust and torque are rounded off at 1700 
pounds and 4000 inch-lbs. 
3. For torque: 
Use a tube 211 0 . D. and 1. 94 I. D. 
Maximum shear stress 
4 4 
Sv = 16 x D x Mt/(3 . 14 x (D -d )) 
= 16 X 2 X 4000/(3 . 14 X (24 -1.944» 
= 128,000/3. 14 X 1.83 
22,300 psi 
Deflection 
D = 32 x Mt/3.14 x (D4-d4 ) x G 
= 128,000/3.14 X 1.83 X 10 . 5 X 10
6 
= .00212 
= 2120 microinches per inch, since the radius in this 
cas e i s one inch . 
= 2120 x . 707 = 1500 microinches per inch (extension 
of strain gage) 
4 . Assume a s train of 1500 microinches per inch 
Stress= Ex Strain 
= 30 X 106 X 1500 X 10-6 
= 45,000 psi 
Use, now, formulas from page 194 of 11 Formulas for Stress 
and Strain", 2nd edition, :by Roark. 
See Fig . 2 for a key to symbols used below. 
, . 
.. ~ 
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At the small radius, "b" 
s = 3W/(2 x 3. 14 x t
2






) x log (a/b))) 
At the large radius, "a" 




) x log (a/b))) 
The small diameter must be 2" . (See Fig. 3) Let the 
large diameter be 411 , since a 111 radial difference is 
needed for proper placement of strain gages. 
Then: 
w, total load= 1700 lbs. 
s, unit stress= 45,000 psi 
t, thickness, is to be solved for 
a, large radius "' 211 
b, small radius = 1" 
At the large radius, solving 
3W/(2 X 3.14 XS) X (1 -t2 = 
2 
= 3 X 1700/(6,28 X 45,000) 








) x log a/b))) 





= (5100/282,500) (1 (2/3 (.693)) 
t2 = . 01805 (1 - . 462) 
= .01805 ( . 538) 
= . 1805 X • 538 X 10-
2 
- 2 = .972 X 10 
And: 
t = .986 X ,1 = . 098611 
At the small radius 
t






) x log a/b)} 
t
2 






) X .693 
= .01805 (1 (8/3) (.693)) 
- 1.535 X 10-2 
(In the original equation "s" was solved for, and the 
fiber stress can be positive or negative. In solving 
for 11 t 11 the sign has no significance . ) 
So t 2 • . 1535 
t = .124 (inches) 
-9-
TN No. 63T-1 
This shows the greater stress is at the inner radius . 
It is better if the strain gage be placed at the position 
of maximum strain. It is bette~ too, if the strain gage 
is stretched rather than compressed. The thrust is 
toward the left (Fig. 3). The arrangement shown in Fig. 3 
locates the strain gage at the position of maximum stress 
where, also, it will be in tension. 
The strain gage will not be strained as much as computations 
above indicate . It will be placed radially and, assuming 
a strain gage 1/4" long, if one end is at the point of 
maximum stress, the other end will be somewhere about 
halfway between the point of maximum stress and the point 
of zero stress . The exact strain is not important since 
calibration with known forces and moments is required. 
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4. Recommendations 
A. Further investigations should be made to insure that the 
211 diameter tube does not fail in buckling. 
B, In order to operate in the upper range of the strain gages, 
it is necessary to have flexures whose dimensions are such that 
the unit stress is beyond normal working load for ordinary steels. 
Alloy steels could be used and a study should be made as to 
whether heat treatment might be required. This problem complicates 
the other problem of whether to select brazing, soldering or 
welding for fabrication . 
C. This is not a finished design. Until a set of working 
drawings is sent out to one of our shops, or submitted for bids, 
changes can be made regardless of how much the overall design is 
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